We introduce on the Fock space ?(L 2 (I R + )) two operators r and r expressing the innitesimal perturbations of random variables by time changes in the Wiener and Poisson probabilistic interpretations of ?(L 2 (I R + )). These operators have close connections with stochastic integration, regularity of laws, chaotic expansions and complement the annihilation and creation operators r ? and r + that are related to perturbations by shifts of trajectories.
Introduction
Let ?(H) = L n 0 H n denote the symmetric Fock space over the Hilbert space H, where H n consists of the space of symmetric tensors in the tensor product H n , endowed with the norm k k 2 H n = n! k k 2 H n , n 2 I N. The annihilation operator r ? : ?(H) ! ?(H) H is de ned by r ? f n = nf (n?1) f, n 2 I N, while the creation operator r + : ?(H) H ! ?(H) satis es r + f n g = f n g, n 2 I N. Those operators are extended by polarization, linearity and closability to their respective domains in ?(H) and ?(H) H. In case H = L 2 (I R + ), the two main probabilistic interpretations of ?(L 2 (I R + )) are the Wiener and Poisson interpretations, which are constructed by identifying f n 2 L 2 (I R + ) n with its multiple stochastic integral with respect to the Wiener or Poisson processes. It is well-known, cf. e.g. 4] , 5] , that in these probabilistic interpretations the annihilation operator acts on random 1 variables by shifts of the Brownian, resp. Poisson trajectories. On the other hand, on the Poisson space, trajectories can be perturbed by time changes, and this yields another construction of the stochastic calculus of variations, cf In this table some information has been added concerning the absolute continuity of the considered transformations with respect to the Wiener and Poisson probability measures. Transformations by deterministic shifts of trajectories are absolutely continuous with respect to the Wiener measure (from the Cameron-Martin theorem), but not with respect to the Poisson measure, since the standard Poisson process has xed height jumps. On the other hand, the action of deterministic time changes on trajectories is absolutely continuous with respect to the Poisson measure (from the Girsanov theorem on Poisson space), but not with respect to the Wiener measure since a time changed Brownian motion does not have the standard quadratic variation. Consequently some smoothness has to be imposed on Wiener and Poisson functionals in order to perturb them by time changes, in particular they need to be de ned everywhere, and on Fock space this corresponds to the assumption that the considered functionals have nite developments with smooth kernels. The operators obtained in this way can be extended by closability. The calculus introduced in this paper di ers from the chaotic calculus of 6] which uses the polynomials of Laguerre instead of Hermite and can not be based on the Fock space. This paper is organized as follows. In Sect. The space of square-integrable adapted processes is de ned to be the completion in L 2 (I R + ) of the set of simple adapted processes of the form k=n?1 X k=1 F i 1 t i ;t i+1 ; F i 2 S( 0; t i ]); i = 1; : : : ; n; t 1 < < t n ; n 2 I N: 
where n+1 = f(t 1 ; : : : ; t n+1 ) 2 I R n+1 + : t 1 < < t n+1 g, and s(f n ), f n 2 L 2 (I R + ) n , denotes the symmetrization of f n in n variables.
3 A non-commutative decomposition of the number operator
In this section we de ne the operators r and r and remark that their sum gives the number operator. Some connections between r , r , the number operator and the non-commutative stochastic calculus have been studied Proof. By polarization, we need to prove the following.
(r f n ; g n h) L 2 (I R + ) = ?n f n (t 1 ; : : : ; t n )dB t 1 dB t n ; f n 2 L 2 (I R + ) n . These integrals provide an isometric isomorphism between L 2 (W; ) and , since
This identi cation will be assumed throughout this section. We are interested here in the properties of r in the Wiener interpretation of . We recall that r ? is identi ed to a derivation operator which satis es 
Proof. We are using the multiplication formula for the Wiener multiple integrals:
I n (f n )Î 1 (g) =Î n+1 (f n g) + n(f; g) L 2 (I R + )În?1 (f n?1 ); f; g 2 L 2 (I R + ); n 2 I N:
We rst show that r Î n (f n )Î 1 (g) = r Î n+1 (f n g) + n(f; g)Î n?1 (f (n?1) ) = ?Î n+1 (g 0 t f n ) ? nÎ n+1 (f 0 t g f (n?1) ) ? n(n ?
? nf(t)g(t)Î n?1 (f (n?1) ) =Î 1 (g)r tÎ n (f n ) +Î n (f n )r tÎ 1 (g) ? r ? tÎ 1 (g)r ? tÎ n (f n ); t 2 I R + :
Using the fact that on Wiener space r ? is a derivation, we can now work by induction to show that the formula holds for functionals that are polynomials in Wiener multiple stochastic integrals. Assume that for some k 1, and t 2 I R + , r t (Î n (f n )Î 1 (g) k ) =Î n (f n )r t Î 1 (g) k +Î 1 (g) k r tÎ n (f n )?r ? tÎ n (f n )r ? t Î 1 (g) k : 
The transformation T h acts on the trajectory of (B s ) s2I R + by change of time. Proof. We rst notice that as a consequence of Lemma 1, the operator r t + 1 2 r ? t r ? t is a derivation operator on S, t 2 I R + . Moreover, T "h is multiplicative, hence we only need to treat the particular case of F =Î 1 (f). We havê As on the Wiener space, we have the isometry (Ĩ n (f n );Ĩ m (g m )) L 2 (B) = 1 fn=mg (f n ; g m ) L 2 (I R + ) n ; f n 2 L 2 (I R + ) n ; 8 which provides an isometric isomorphism between L 2 (B) and . This identi cation will be used in the remaining of this paper. @ k f(T 1 ; :::; T n )1 0;T k ] ; F 2 S; (7) for F = f(T 1 ; : : : ; T n ). The following proposition extends to functionals of jump times the result of 6] which was only proved for jump times.
